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The hyperfine constant of Er'5' in dilute Th:Er"'
Mossbauer measurements. .
alloys is measured and discussed in view of recent
In a previous paper' (to be referred to as Paper
I), the hyperfine constant of Er ~7 in Th: Er dilute
alloys was extracted using electron spin resonance
(ESR) techniques.
The measurements in Paper I were performed on
samples with Er isotopes of natural abundance down
to temperatures of T= 1.4 K. In the present com-
ment we extend these measurements to dilute
Th: Er ~ alloys with an enriched Er'6 isotope and
temperatures of 0. 7 K. Such an extension is neces-
sary because of possible errors in analyzing the
very weak satellites associated with the Er'" iso-
tope in Paper I. The research is partially moti-
vated also by the recent Mossbauer study by Stohr
et a/. ~ on the same dilute alloy. Stohr et g/. re-
ported the hyperfine constant A'67 to be 78. 7+0. & G.
This value is slightly larger than the ESR value(A"' = 75 + 2 G) in Paper I. It should be stressed
that the ESR value is very close to the hyperfine
constants found for Er'6' in noble metals as well
as in cubic transition. metals. It is slightly en-
hanced, however, relative to the hyperfine constant
for the same ion in insulators. This enhancement
is usually attributed to the dynamic polarization of
the conduction electron.
Thus, the Mossbauer value, although exceeding
the ESR value by only 2 0, required a conduction-
electron contribution to the hyperfine field in Th: Er
which is three times larger than in noble metals.
Stohr et a/. attributed it to possible d-s band hy-
bridization present in Th. Our new experimental
results, presented here, are in slight disagreement
with those of Stohr et a/.
Figures l(a) and l(b) exhibit the ESR spectra ob-
served for Th: Er'" (180 ppm of Er'6 ) at tempera-
tures of 1.4 K and 0.7 K, respectively. The hy-
perfine spectra were analyzed using the second-
order hyperf inc splitting formula3:
H = Ho- AMi —(A /2HO)[I(I+1) —MI] .
The accuracy in the determination of the hyper-
fine constant A was increased by sweepi. ng the mag-
netic field over an enlarged scale. This is shown
in Figs. 1(c) and l(d), where the two extreme hy-
perfine lines corresponding to MI = &, & and M&
= —
~,
—
—,' respectively, are plotted. The sweep
ranges are 100 and 250 0, respectively. The cur-
vature of the base line in Fig. 1(b) is due to inter-
ference of the superconducting upper critical field
with the hyperfine spectra (Th is a superconductor
below T, = l. 4 K). The upper critical field at this
temperature (T=0. 7 K}was estimated to be 250 G.
The best fit with (1) is appropriate to a hyperfine
constant of V5. 5+1 G. This is slightly smaller than
the M5ssbauer value but agrees (within the error
bar) with Paper I.
The hyperfine constant observed is, however,
slightly larger than the value of the insulators
(A' ='73. 8 G for Er in Ca.F2). A possible mecha-
nism, originating with conduction electrons, has
been proposed by several authors3' to explain this
enhancement. Based on this mechanism the exis-
tence of a simple relation between the ESR g shift
and hyperfine field was suggested. We feel that at
this state some clarification is needed.
Yosida' was the first to calculate the polarization
contribution of the cond'. ction electron to the hyper-
fine constant. The enhancement of the ESR hyper-
fine constant, hA, due to this contr buti. on I.s
&Acs gz 1 ~ J(k, k )A(k', k)+c. c.E
EP E j~p
f(~)t 1 -f(~')],
where f(k) is the Fermi distribution function, A(k,
k ) is the hyperfine interaction coefficient due to the
conduction electrons and dependent on the wave
vectors k and k, J(k, k ) is the exchange intera. c-
tion, g is the Er g value, and g~ is the Landd g
space. This is unlike the exchange parameter ex-
tracted from ESR measurements where both k and
k'are restricted to the Fermi surface. Thus, no
simple relation should exist between the enhance-
ment in the hyperfine field and the ESR exchange
interaction.
However, Watson et a/. have demonstrated pre-
viously that for rare-earth ions the following rela-
tions hold (very approximately and accidentally):
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Assuming also A(k, k') =A(j) as well as the free
electron model, (2) can be written as
(4)
mhere
T=l45K
( ) =1+44~ q 1 2k~+q4kpq 2k~ - q
The j=0 component of (4) yi'sids
gq —1 J(0)N(E )A(0) ngA(0)4A q=O =g
2 2
T=0.70K
c)
T= l.4 K
T= l.4K
J(k, k ) = Z(q,),
(3)
FIG. 1. ESH spectra of Th: Er'~7 dilute alloys at tem-
peratures of {a) T=1,4 K, {b) T=0.7 K. Figures 1{c)
and 1{d}represent the two extreme hyperfine bnes, cor-
responding to M&= &~, 25 and MI =- &~, —~~, respectively.
These plots, over an enlarged scale, enable us to extract
the value of the hyperfine constant more accurately. The
sweep ranges are given on the figures.
Thus only under condition (3) and the dominance
of the q=O component, a relation between the g
shifty 4g, and the hyperfine field should exist.
There are several contributions leading to different
sign of rhA E. On the one hand, electrons of 8
character contribute to a positive hyperfine con-
stant. ~ On the other hand, the positive g shift ob-
served in Th: Er or Th: Gd dilute alloys' is partial-
ly attri, buted to screening electrons of d character. ~
These d electrons can interact with the nucleus only
via the core polarization mechanism (negative).
This leads to negative contribution to AAcE accord-
ing to (5). Thus, the exact origin of the enhance-
ment in the hyperfine constant should be considered
with caution. This is especially so with regard to
mechanisms like "d-s band hybridization" because
in transition metals (Rh, lr, Pt) where strong hy-
bridization is present, no significant change in the
hyperf inc constant was observed.
Relation (4) is very interesting because of the de-
pendence of dAcz on the density of states N(E„) at
the Fermi level. It is well known that the density
of states decreases upon transition from the normal
to the superconducting state. ' Thorium is a super-
conductor belom T', = 1.4 K, ' and addition of several
hundred ppm of Er does not decrease the supercon-
ducting transition temperature appreciably. ' Thus,
the origin of the enhancement in the hyperfine field
can be checked in a criti. cal manner by performing
ESR experiments in the superconducting state. "
Unfortunately, the critical field in our experiment
is smaller than the field for resonance, and we
were not able to reach the superconducting state.
The critical field can be increased„how'ever, by
using a thin film of Th: Er'6' alloys. " Such an ex-
periment is in preparation at the present.
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